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(54) Program loading method and apparatus 

(57) A method for loading of program data with high 
speed and efficiency along with eliminating the need for 
software modification even if changes occur in the stor- 
age addresses and data length of the program data 
stored in the program memory. In order to load program 
data in a rewritable manner into a number of functional 
circuits FC0 : FC1, FCn operating in accordance with 
the supplied program data, a program memory, for ex- 
ample., a ROM 10, a program loader 12, and program 
designating apparatus, for example, a microprocessor 



14, are provided in the system. In the ROM 10, multiple 
address pointers are stored in specified storage areas, 
and corresponding sets of program data are stored in 
the storage locations indicated by the address pointers 
in such a manner that a first set of program data is stored 
in the specified storage area which utilizes the address 
corresponding to the first address pointer as the start 
storage address, and a second set of program data is 
stored in the specified storage area which utilizes the 
address corresponding to the second address pointer 
as the start storage address. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
an apparatus for loading the desired program data into 
functional circuits carrying out specified operations in 
accordance with supplied program data. 

BACKGROUND OF THE INVENTION 

[0002] In systems provided with this type of functional 
circuit or circuits, implementation of various kinds of op- 
erating modes or applications is made possible by 
changing programs or set value (called program data 
hereinbelow) loaded into functional circuits. 
[0003] This type of conventional system is adapted to 
pre-store (prepare program data) of various types or 
many sets thereof in memory, and, in response to a re- 
quested application, the microprocessor reads out a set 
of program data from the memory and loads the pro- 
gram data into functional circuits. For this reason, the 
microprocessor needs to hold the storage addresses for 
all the sets of program data in memory in advance. 
[0004] When, however, changes concerning the data 
length of the program data stored in memory occur due 
to system version upgrades and the like, the addresses 
or storage locations of program data sets stored in mem- 
ory are inevitably changed. In such a case, software 
must be corrected in accordance with such changes 
concerning program data storage addresses on the mi- 
croprocessor side, which is extremely burdensome. 
[0005] Also, in the system in which the above-men- 
tioned microprocessor reads out program data from 
memory and stores it into functional circuits, the micro- 
processor itself carries out processing while succes- 
sively reading out and decoding the control program 
from memory, which is the reason this is time-consum- 
ing and it is difficult to carry out program storage quickly. 
Therefore, this was not intended for systems that must 
operate immediately after turning it on or after a mode 
change. 

[0006] Embodiments of the present invention address 
at least some of the problems of the prior art and aim to 
provide a program loading method and apparatus 
adapted to carry out loading processing of program data 
without the need for changes in the software even if 
changes in storage addresses or data length of the pro- 
gram data stored in the program memory do take place. 
[0007] Also, another embodiment of the present in- 
vention provides a program loading method and appa- 
ratus adapted to carry out loading processing of pro- 
gram data at high speed and efficiency. 

SUMMARY OF THE INVENTION 

[0008] An embodiment of the invention comprises a 
program loading method for loading the desired pro- 
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gram data in one or more functional circuits carrying out 
specified operations in accordance with supplied pro- 
gram data, with the program loading method having a 
step in which a plurality of sets of program data are held 

5 by storing them separately for each set in specified stor- 
age areas in a program memory along with holding ad- 
dress pointers indicating the storage addresses of each 
set of program data at predetermined storage address- 
es in the above-mentioned program memory, a step in 

10 which program designation information corresponding 
to any single pointer among the above-mentioned ad- 
dress pointers is given in order to designate the desired 
set of program data, a step in which, based on the 
above-mentioned program designation data, the above- 

15 mentioned address pointers corresponding thereto are 
read out, and the storage addresses of the sets of pro- 
gram data that the above-mentioned program designa- 
tion information designates are computed in accord- 
ance with the read-out address pointers, and a step in 

20 which the sets of program data that the above-men- 
tioned program designation information designates are 
read out from the above-mentioned computed storage 
addresses and the read-out program data are trans- 
ferred to the above-mentioned corresponding functional 

25 circuits. 

[0009] The invention according to a further embodi- 
ment is the program loading method in which a group of 
program data corresponding to the above-mentioned 
functional circuits are stored at consecutive storage ad- 
30 dresses in the storage areas in which sets of program 
data are stored in the above-mentioned program mem- 
ory. 

[0010] The invention according to another embodi- 
ment is the program loading method in which transfer 

35 destination identification information used for determin- 
ing which of the above-mentioned functional circuits to 
serve as transfer destinations is contained in a specified 
first portion of each group of program data. 
[0011] The invention according to a further embodi- 

^0 ment is the program loading method in which transfer 
program length information used for representing the 
length of the program data to be transferred to the 
above-mentioned functional circuits which are to serve 
as transfer destinations is contained in a specified sec- 

45 ond portion of each group of program data. 

[0012] The invention according to the above-men- 
tioned program designation information represents the 
storage addresses of Ihe above-mentioned pointer in- 
formation corresponding thereto. 

so [0013] Also, another embodiment is the program 
loading method in which a program loading apparatus 
loading the desired program data in one or more func- 
tional circuits carrying out specified operations in ac- 
cordance with supplied program data wherein the pro- 

55 gram loading apparatus is constructed so as to have a 
program memory holding a plurality of sets of program 
data by storing them in specified storage areas along 
with holding address pointers indicating the storage ad- 
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dresses of each set of program data at predetermined 
storage addresses, a program designating means giv- 
ing program designation information corresponding to 
any single pointer among the above-mentioned address 
pointers in order to designate the desired set of program 
data, a program loader which, based on the above-men- 
tioned program designation information from the above- 
mentioned program designating means, reads out the 
above-mentioned address pointers corresponding 
thereto and, by accessing the storage addresses of the 
sets of program data that the above-mentioned program 
designation information designates in accordance with 
the read-out address pointers, reads out the sets of pro- 
gram data that the above-mentioned program designa- 
tion information designates and transfers the read-out 
program data to the above-mentioned corresponding 
functional circuits. 

[0014] The invention according to another embodi- 
ment is the program loading apparatus in which memory 
access time settings representing the access time set 
for the above-mentioned program memory are stored in 
specified storage locations in the above-mentioned pro- 
gram memory, with the above-mentioned program load- 
er adapted to start the reading of program data from the 
above-mentioned program memory according to a pre- 
set low-speed access time and carry out the reading of 
program data from the above-mentioned program mem- 
ory in accordance with the access time indicated by the 
above-mentioned memory access time settings after 
having read out the above-mentioned access time data. 
[0015] The invention according to another embodi- 
ment is the program loading apparatus which is con- 
structed so that a group of program data corresponding 
to the above-mentioned program loader is stored in the 
header of each set of program data indicated by the 
above-mentioned pointers, with the above-mentioned 
memory access time settings contained in the group of 
program data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 is a block diagram showing a basic 
configuration of a system utilizing the method and ap- 
paratus for program data loading of the present inven- 
tion. 

[0017] Figure 2 is a figure showing an example of an 
arrangement used for storing in the memory areas of 
the program memory (ROM) in the system according to 
the embodiment. 

[0018] Figure 3 is a figure showing an example of a 
storage arrangement and contents of program data sets 
stored in the program memory (ROM) in the system ac- 
cording to the embodiment. 

[0019] Figure 4 is a block diagram showing a circuit 
configuration of a program loader in the system accord- 
ing to the embodiment. 

[0020] Figure 5 is a flow chart used for the explanation 
of the operation of a control unit of a program loader in 



the system according to the embodiment. 
[0021] Figure 6 is a block diagram used for the expla- 
nation of the operation of a control unit of a program 
loader in the system according to the embodiment. 
s [0022] Figure 7 is a block diagram showing a config- 
uration of a program data loading unit provided in func- 
tional circuits in the system according to the embodi- 
ment. 

[0023] Figure 8 is a block diagram showing a config- 
10 uration of a memory access time changeover unit that 
can be incorporated into a program loader in the system 
according to the embodiment. 

[0024] Figure 9 is a timing diagram showing the wave- 
forms of the operating clock signals obtained in the 
15 memory access time changeover unit. 

[0025] Figure 10 is a block diagram showing the cir- 
cuit configuration of an image processor which is one of 
the specific examples of application of the system ac- 
cording to the embodiment. 

20 

DESCRIPTION OF THE EMBODIMENTS 

[0026] Embodiments of the invention are explained 
hereinbelow by referring to the attached drawings. 
25 [0027] Figure 1 shows the basic configuration of a 
system utilizing a program loading method and appara- 
tus according to the embodiment of the present inven- 
tion. 

[0028] This system contains (n+t ) functional circuits 
30 FC0, FC1 , .... FCn, with each one of them operating in 
accordance with supplied program data (programs or 
set value). Then, a memory for program storage, for ex- 
ample, a ROM (Read-only Memory) 10, a program load- 
er 12, and a program designation unit, for example, a 
35 microprocessor (MPU) 14, are provided for loading pro- 
gram data in rewritable fashion into these circuits. 
Among them, the microprocessor 14 may function as a 
unit essentially external to the system. 
[0029] In addition, as will be described later, the pro- 
40 gram loader 12 can be added to one of the functional 
circuits FC in the system. 

[0030] In this system, a plurality of operating modes 
or applications are prepared, and a set of program data 
intended for all the functional circuits FCO, FC1,..., FCn 

45 js produced or set for each operating mode. Multiple pro- 
gram data sets corresponding to the respective multiple 
operating modes are stored together in the ROM 1 0. 
[0031] The program loader 12 is connected to the 
ROM 10 via an address bus 16, data bus 18 and the 

50 required control lines (not shown). Also, it is connected 
to the microprocessor 1 4 via an appropriate bus or com- 
munication interface 15. 

[0032] Also, the program loader 12 is connected to the 
functional circuits FC0 : FC1 , .... FCn via a common ad- 
55 dress/data internal bus 20 and a required control line, 
such as a bus signal identifying line 22 used for deter- 
mining whether the signal on the bus 20 is an address 
signal or data, or a write control line 24 used for selec- 
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lively writing the data on the interna) bus 20 only to one 
of the functional circuits FCi, and the like. 
[0033] Figure 2 shows an example of an arrangement 
of data (memory map), as stored in the memory area of 
the ROM 10. 

[0034] If in the ROM 10, for instance, data is 8 bits 
and addresses are 16 bits, it has a memory capacity of 
8 G216 bits. In the example of Figure 2, an m+1 (m is an 
integer portion of address pointers VO-Vm are stored in 
the storage area with addresses 0~V2m+1 . 
[0035] Here, because each address pointer VK (K = 
0-m) has a data length of 16 bits, it is divided into a high 
byte (8 bits) VKH and a lower byte (8 bits) VKL and writ- 
ten to two addresses. For example, when m is 255, it is 
possible to set up to 256 address pointers in the ROM 
10. which means that up to 256 sets ot program data 
can be stored therein. 

[0036] I n connection with the above-described setting 
of address pointers, corresponding sets of program data 
are stored in storage locations indicated by the address 
pointers in the ROM 10 in such a manner that a first set 
of program data is stored in a specified storage area 
which uses the address V0 corresponding to a first ad- 
dress pointer V0 as the starting storage address, a sec- 
ond set of program data is stored in a specified storage 
area which uses the address VI corresponding to a sec- 
ond address pointer VI as the starting storage address. 
[0037] In this type of memory management system, 
the program designation information used for designat- 
ing program data sets, for instance, program numbers 
PN, may designate the corresponding address pointers. 
In this manner, it becomes possible to directly determine 
the storage locations of the target program data from 
the designated address pointers. 
[0038] Figure 3 shows an example of a storage ar- 
rangement and data contents of a set of program data 
(the Kth set) stored in ROM 10. 
[0039] First of all, single-byte data DFCO used for dis- 
criminating the functional block FC (for example, FCO) 
serving as a first transfer destination is stored in a start- 
ing address VK-1 . Data LKO obtained by adding 2 to the 
value of the data length (byte number) of the program 
data to be transferred to the first transfer destination is 
stored as two bytes (LK0H , LK0L) in the two subsequent 
addresses VK-1 +1 , VK-1 +2. 

[0040] Next, 2-byte data ADO (AD0H. AD0L) showing 
the start storage addresses of the registers or memory 
to which program data is to be written in the first Iransfer 
destination (functional circuit is stored as transfer des- 
tination addresses in the next fourth and fifth addresses 
VK-1 +3 and VK-1 +4. 

[0041] Program data to be loaded into the first transfer 
destination (functional circuit) is stored in addresses in 
single-byte units Da(1), Da(2),... across addresses 
ranging from the next sixth address VK-1 +5 to the ad- 
dress corresponding to (program data length LKOP 2 ). 
[0042] As was described above, a first group of pro- 
gram data corresponding to the functional circuit serving 



as the first transfer destination is stored in consecutive 
storage addresses (VK-1, VK-1+1, VK-1 +2, ...) in the 
starting portion of a Kth set of program data 
[0043] The final address of the above-mentioned first 

5 group of program data is VK-1 +LK0+3P 1 . In this formula, 
the third term, i.e., the constant 3, corresponds to the 
three addresses allocated to DFCO, LKOH, LK0L. 
[0044] A second group of program data correspond- 
ing to a functional circuit serving as a second transfer 

10 destination is stored in the same format as the above- 
mentioned first group, starting from the address (VK- 
1 +LK0+3) after this final address (VK. 1 +LK0+3P 1 ). The 
program data length of the program data Db(l), Db(2),... 
which is to be transferred depends on the specifications 

is or memory capacity of the program data storage means 
(memory or registers, etc.) at the second transfer des- 
tination. 

[0045] Starting from the third transfer destination, cor- 
responding groups of program data are successively 

20 stored in the memory areas of the ROM 10 in the same 
format as the one described above, Then, end-indicat- 
ing data DFend showing that this set (the Kth set) of pro- 
gram data ends here is stored in the next address fol- 
lowing the storage location at which the group of pro- 

2S gram data corresponding to the last transfer destination 
is stored. 

[0046] Figure 4 shows an example of a circuit config- 
uration of the program loader 12. The program loader 
12 consists of a number of registers 30-36 where vari- 

30 ous information or data is temporarily input and held, 
address changeover switch 38. and a control unit 40 
controlling various units in the loader and external func- 
tional circuits and the like. In this example, the program 
loader 12 is connected with the microprocessor 14 via 

35 an l 2 C bus (Inter IC-Bus) interface circuit 42. 

[0047] Figure 5 shows a flow chart showing the con- 
trolling or processing operation of the control unit 40 in 
the program loader 1 2. 

[0048] The operation carried out when the program 
40 loader 1 2 reads out the Kth set of program data from the 
ROM 10 and loads it into the functional circuits of the 
system is explained hereinbelow. In addition, Figure 6 
shows the distribution of data or associated address sig- 
nals transmitted via various routes and more detailed 
45 steps in the case of loading the first group of program 
data in the Kth set of program data to the first transfer 
destination, for instance, the functional circuit FCO. 
[0049] First of all. immediately after turning the sys- 
tem power on, or immediately after switching over to an- 
50 other operating mode, a program number PNK- 1 desig- 
nating the desired set (in this example, the Kth set) of 
program data is sent from the microprocessor 14 to the 
program loader 12. 

[0050] When the l 2 C bus interface circuit 42 receives 
ss the program number PNK-1 : along with transmitting a 
handshake signal HS notifying the control unit 40 of this 
event, the received program number PNK-1 is loaded 
into the register 30. Here, the signal HS operates as a 
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write enable signal WE of the register 30. 
[0051] When the control unit 42 [sic; 40] receives the 
above-mentioned handshake signal HS ; it initializes 
each unit in the program loader 12. In particular, as far 
as the address changeover switch 38 is concerned, the 
output terminal (ROM address output terminal) may be 
switched over to the input tenninal) on the register 30 
side (Steps SI, S2). 

[0052] When the program number PNK-1 is loaded in- 
to the register 30, the data bits are shifted to the left one 
place and a "0" is inserted in the lowest bit position. As 
a result, data in the register 30 represent a value twice 
as great as the program number Pm-1 (2° PNK -1 ). 
[0053] Thus, data (2 JPNK -1) from the register 30 is 
output to an address bus 16 via the switch 38 as a first 
ROM address, and data in the storage location desig- 
nated by this ROM address (2P PNK -1), in other words, 
the high byte V(K-1H) of the address pointer VK-1, is 
read from the ROM 10 to a data bus 18 (Step S2). 
[0054] The high byte V(K-1H of the address pointer 
VK-1 read from the ROM 10 is loaded into the register 
32 in the program loader 12. 

[0055] Next, the control unit 40 increments the con- 
tents of the register 30 by one, making it 2P PNK -1 . Thus, 
data (2 DPNK -I+1) in the register 30 is output to the ad- 
dress bus 1 6 via the switch 38 as a second ROM ad- 
dress, and data in the storage location designated by 
this ROM address (2P PNX -I+1), in other words, the low 
byte V(K-1 )L of the address pointer VK-1 , is read from 
the ROM 10 to the data bus 18 (Step S4). 
[0056] The low byte V(K-1)L of the address pointer 
VK-1 read from the ROM 10 is loaded into the register 
32 in the program loader 12. 

[0057] At this time, a 2-byte address pointer VK-1 is 
obtained (Step S5) by shifting the high byte V(K-1)H, 
which was loaded before, left by 3 bit positions, in other 
words, carrying out multiplication by 256, and setting 
(adding the low byte V(K-1)L in the bit positions under- 
neath. This address pointer VK-1 is an address that 
shows the start storage address of the storage location, 
where the Kth set of program data is stored. 
[0058] On the other hand, the control unit 40 switches 
the address changeover switch to the register 32 side. 
Thus, the address pointer VK-1 is output to the address 
bus 16 via the switch 38 as a third ROM address, and 
transfer destination identification data DFC0. which in- 
dicates the start data of the Kth set of program data in 
other words, (he first transfer destination, is read out 
(Step S6) ffom the ROM 10. 

[0059] The transfer destination identification data 
DFC0 that has been read from the ROM 10 is loaded 
into the register 34 in the program loader 12, and the 
control unit 40 recognizes the functional circuit FC to 
serve as the first transfer destination based on the con- 
tents of the register 34 and activates the write enable 
signal WE with respect to this functional circuit. 
[0060] Immediately after reading from the ROM, the 
control unit 40 increments the contents of the register 
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32 by one (Step S6). Therefore, next, the following ad- 
dress (VK-1+1) after the start storage address VK-1 is 
output as a ROM address from the register 32 via the 
switch 38 to the address bus 16, and the high byte LK0H 

s of the program data length LK0 for the first transfer des- 
tination is read out from the ROM 10 to the data bus 18 
(Step S8). Immediately thereafter, the control unit 40 in- 
crements the value of the register 32 by one. 
[0061] In addition, the above-mentioned high byte 

10 LK0H of the program data length LK0 read from the 
ROM 10 is loaded into the register 36 in the program 
loader 1 2. 

[0062] Next, an address (VK-1 +2) is output via the 
switch 38 from the register 32 to the address bus 16, 

is and the low byte LK0L of the program data length LK0 
for the first transfer destination is read from the ROM 10 
(Step S9). Immediately thereafter, the control unit 40 in- 
crements the value of the register 32 by one. 
[0063] The low byte LK0L of the program data length 

20 |_KQ that has been read out is also loaded into the reg- 
ister 36. At this time, a 2-byte program data length LK0 
is obtained (Step S10) by shifting the high byte LK0H, 
which was loaded before, to the left by 8 digit positions, 
in other words, carrying out multiplication by 256, and 

25 then setting (adding) the low byte LK0L in the bit posi- 
tions underneath. The control unit 40 can read the con- 
tents of the register 36. 

[0064] Next, an address (VK-1 +3) is output via the 
switch 38 from the register 32 to the address bus 16. 

30 Upon receipt of this address, a high byte AD0H of the 
"transfer destination address" ADO, which shows the in- 
itial storage destination of the program data in the func- 
tional circuit to serve as the first transfer destination is 
read from the ROM 10 via the data bus 18 (Step S12). 

35 [0065] The high byte AD0H of the transfer destination 
address ADO read via the data bus 18 from the ROM 10 
is directly transferred to the internal bus 20 and is loaded 
via this bus 20 to the write-enabled functional circuit FC 
that serves as the first transfer destination. At this time, 

40 the control unit 40 sets signal identification information 
ADT on a signal identifying line 22 to a logic value indi- 
cating an address transmission mode, for example, H 
level. Also, the control unit 40 increments the contents 
of the register 32 by one and updates the ROM read 

45 address by one along with incrementing the contents of 
the register 36 by one and decreasing the remaining 
program data length LK by one (Step S12). 
[0066] In the next read cycle, an address (VK-1 +4) is 
output via the switch 38 from the register 32 to the ad- 

so dress bus 1 6, and a low byte AD0L of the transfer des- 
tination address ADO is read from the ROM 10 (Steps 
S11, S12). Then, in the same manner as in the previous 
cycle, the low byte AD0L of the transfer destination ad- 
dress ADO that has been read out is loaded via the in- 

55 ternal bus 20 into the functional circuit FC serving as the 
first transfer destination. 

[0067] In the next read cycle, an address (VK-1 +5) is 
output via the switch 38 from the register 32 to the ad- 
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dress bus 16, and, upon receipt of this address, an initial 
single byte DA(1 ) of the first group of program data cor- 
responding to the first transfer destination is read out 
from the ROM 10. 

[0068] This single byte of program data Dal is loaded 
into the functional circuit FC serving as the first transfer 
destination via the internal bus 20. At this lime, the con- 
trol unit 40 sets the signal discrimination information 
ADT to a logic value indicating data transmission mode, 
for example, L level. Based on this, the single byte of 
program data Da(1 ) is loaded into the storage address 
indicated by the transfer destination address ADO pre- 
viously loaded in said functional circuit. 
[0069] Read cycles identical to the ones described 
above are then repeated, so that during each cycle one 
byte of the first group of program data corresponding to 
the first transfer destination is read out from the ROM 
10, transferred to the functional circuit FC serving as the 
first transfer destination via the internal bus 20, and 
loaded inlo the corresponding storage location in the 
functional circuit. 

[0070] Each time the above-described read cycle is 
carried out, the control unit 40 increments the address 
value in the register 32 by one while decrementing the 
remaining program data length LK in the register 36 by 
one. 

[0071] Then, when LK in the register 36 reaches 0, it 
is recognized that the transmission of the program data 
corresponding to the first transfer destination has been 
completed, the data read from the ROM 10 in the next 
cycle is determined to be transfer destination discrimi- 
nation data DFC1 used for identifying the next (second) 
transfer destination, and this data DFC1 is set into reg- 
ister 34 (Steps S11, S6). 

[0072] An operation identical to the operation used for 
the first transfer destination described above is then re- 
peated (Steps S6DS7DS8DS9DSl0aS1iaSl2D 

□S11DS6). Then, when all the necessary program data 
has been transferred to the final transfer destination and 
end-indicating data DFend is read from the immediately 
following ROM address, at this point, the entire process- 
ing for the Kth set of program data ends (Steps S7, S1 ). 
[0073] Figure 7 shows an example of a circuit config- 
uration used for loading program data from the program 
loader 12 in the functional circuits FC. 
[0074] The functional circuits FC are provided with a 
data receiving unit 52 and an address receiving unit 50 
which respectively receive data and address signals 
from the internal bus 20. 

[0075] The address receiving unit 50 has an address 
register 50a and stores addresses used for addressing 
in units of bytes in the address register 50a in the stor- 
age area of one or multiple registers RegO, Reg 1, 

RegM or memories holding program data in said func- 
tional circuits FC. 

[0076] The data receiving unit 52 is made up of a data 
buffer temporarily holding received data, with its data 
output terminals connected to the data input terminals 
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of the memories or registers RegO, Reg1, ... RegM. 
[0077] During program data allocation from the pro- 
gram loader 12, as was described above, first of all, an 
address transmission trade is indicated by changing the 

s level of the signal identification information ADT on the 
signal identification line 22 to an H level, and the address 
receiving unit 50 receives the initial 2-byte data ADH, 
ADL transmitted in this mode as a "transfer destination 
address" AD. The address receiving unit 50 stores the 

10 received transfer destination address AD in the address 
register 50a. 

[0078] Next, the signal identification information ADT 
is changed to an L level, and data then sent via the in- 
ternal bus 20 is received by the data receiving unit 52. 

15 At this time, the address receiving unit 50 write-enables 
the memory addresses or register addresses designat- 
ed by the addresses stored in the address register 50a 
Thus, the data received in the data receiving unit 52 is 
written to the selected addresses. Immediately thereaf- 

20 ier, the address control unit 50 [sic] increments the con- 
tents of the address register 50a by one and updates 
one write address value. 

[0079] Thus, data in units of I byte transferred from 
the program loader 12 is loaded into the storage ad- 
25 dresses of the corresponding registers or memories via 
the data receiving unit 52. 

[0080] In addition, the sample configuration of Figure 
7 is only an example: various modifications are permit- 
ted. In particular, various circuit configurations of the pri- 
30 or art can be used for addressing or selecting the de- 
sired register or memory addresses in the functional cir- 
cuits FC. 

[0081 ] As was described above, in the system accord- 
ing to the present embodiment, along with storing and 

35 holding a plurality of sets of program data respectively 
corresponding to a plurality of operating modes or ap- 
plications in specified storage areas in the ROM 10 sep- 
arately for each set, address pointers indicating the stor- 
age addresses of each set of program data are stored 
in predetermined storage addresses in the ROM 1 0, and 
when a program number PN corresponding to any one 
of the address pointers is supplied from an external mi- 
croprocessor 1 4 in order to designate the desired group 
of program data, the program loader 12 reads the cor- 

45 responding address pointer from the ROM 10 based on 
the program number PN and determines the storage lo- 
cation of the target set of program data based on said 
address pointer. 

[0082] Therefore, the microprocessor 14 may handle 
50 only the program numbers PN corresponding to the op- 
erating modes. If the storage locations of the program 
data sets stored in the ROM 10 are changed, the items 
that must be changed along with them are only the val- 
ues of the address pointers in the ROM 1 0, and changes 
55 or modifications outside the ROM 1 0 are unnecessary. 
In particular, there is no need to make changes to the 
software of the microprocessor 14. 
[0083] Also, because in the system according to the 
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present embodiment, reading of program data from the 
ROM 10 and its transfer to various functional circuits is 
carried out not by a microprocessor 1 4 but by a program 
loader 12, which can be made up of hardware circuits 
only, the loading of program data can be executed at 
high speed using a minimum number of steps. 
[0084] Incidentally, as was described above, it is pos- 
sible to add the program loader 12 to one of the func- 
tional circuits FC in this system. To do this, a circuit such 
as the one shown in Figure 7 may be provided in the 
control unit 40. The control unit 40 can change the char- 
acteristics of the above-mentioned program loading op- 
eration in programmable fashion in accordance with the 
set value loaded in a built-in set value register Reg. 
[0085] As an appropriate example of this system, 
there is a method for controlling the access time (speed) 
of ROM readout in programmable fashion as explained 
hereinbelow. 

[0086] Among commercially available ROMs, there 
are memories with a short access time (fast memories) 
and a long access time (slow memories), with a consid- 
erable variation in this regard. In the system according 
to the present embodiment, a ROM 1 0 that can be easily 
installed and removed is preferable, and in such a case, 
either a slow ROM or a high-speed ROM can be con- 
nected. To be able to access all ROMs using a uniform 
access time, one is restricted to the slowest speed in 
the specifications. However, this means carrying out 
memory access at speeds that are far slower than the 
specification speed in the case of connecting a high- 
speed ROM, resulting in decreased efficiency of pro- 
gram data loading processing. 

[0087] Thus, in an embodiment of the present inven- 
tion, along with adding a program loader 12 to one of 
the functional circuits in the system, data representing 
the specification access time set in said ROM is included 
in the program data group corresponding to the program 
loader 12 among the program data sets stored in the 
ROM 10. Then, the slowest access time is preset as the 
initial value of the ROM access time in the control unit 
40 in the program loader 12. In addition, it is desirable 
for the program loader 1 2 to be preset to the first transfer 
destination. 

[0088] Thus, when the program loader 12 receives a 
program number PN from the microprocessor 14, the 
readout of program data from the ROM 10 starts using 
the above-mentioned slowest preset access time. 
[0089] In the above-described example, memory ac- 
cess is carried out using the slowest preset access time 
from the readout of the address pointer to at least the 
readout of the transfer destination address AD. There- 
fore, no matter what specification access time the ROM 
10 has, the access speed of the program loader 12 can- 
not be so high as to render readout impossible. 
[0090] Then, after the program loader 1 2 has read out 
data regarding the standard access time for this ROM 
from the ROM 10 and loaded them in its own set value 
register, the access speed is changed to the standard 



access time, and the loading processing of this group of 
program data is continued. 

[0091] Therefore, when the ROM 10 is a high-speed 
ROM, starting from the moment of switching, the read- 

5 ing of program data is carried out using high-speed 
memory access, resulting in a spectacular reduction of 
the overall time required for loading processing. Also, 
when the ROM 10 is a memory of intermediate speed, 
reading of program data is carried out using intermedi- 

10 ate speed memory access, which makes it possible to 
achieve a considerable reduction in the overall loading 
processing time. 

[0092] Thus, regardless of the specification access 
time of the ROM used as the ROM 10, memory access 
is can be executed in a completely reliable fashion using 
an access time matching the specification speed of this 
ROM. 

[0093] To carry out the above-described change of ac- 
cess speed in the program loader 1 2, a programmable 

20 counter 62 and a set value register 60, such as the ones 
shown in Figure 8, may be provided in the control unit 
40. The standard access time data Dt of the ROM 10 
described above is loaded into a specified field FD of 
the set value register 60, for example, as four-bit data 

25 (d3, d2, d1, dO), and is supplied to the program input 
terminal of the programmable counter 62 as a set value 
N. 

[0094] The programmable counter 62 receives input 
of a reference clock CK corresponding to the fastest ac- 

30 cess time and operates as a counter dividing the refer- 
ence clock CK0 by (16-N) with respect to the set value 
N received by the program input terminal. Each unit in 
the program loader, particularly the control unit 40, op- 
erates at a clock speed SCKN output from the program- 

35 mable counter 62. 

[0095] At the moment when the ROM readout starts, 
an initial value "0" is preset in the field FD of the set value 
register 60, so that (d3, d2, d1 , dO) is (0, 0, 0, 0) and a 
set value of n 0° is supplied to the program input terminal 

40 of the programmable counter62. Thus, the programma- 
ble counter 62 operates as a 16-bit counter, outputting 
a clock SCK0 having a speed of 1/16 of the reference 
clock CK. Therefore, the program loader 12 accesses 
the ROM 10 using an access time (for example, 500 

^5 nsec) corresponding to this slowest clock SCK0. 

[0096] As was described above, standard access 
time data Dt is loaded into the field FD of the set value 
register (60) from the ROM 10, and, for instance, when 
this value is "15," a set value of "IS" is supplied to the 

50 program input terminal of the programmable counter 62, 
and a clock SCK1 5 having the same speed as the ref- 
erence clock CK is output from the output terminal of the 
programmable counter 62. Thus, the program loader 12 
accesses the ROM 10 using an access time (for exam- 

55 pie, 500 nsec) corresponding to this highest clock 
SCK0. 

[0097] Figure 10 shows the circuit diagram of an im- 
age processor as an example of a specific application 
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of a systeri based on this embodiment. 
[0098] The image processor has an input unit 70, ac- 
cepting input of digital video signals VS from the outside 
as image data to be processed an SVP (Scan-line Video 
Processor) 72 receiving image data in scan line units, 
processing them and outputting the results, an image 
memory 74 writing and reading image data in scan line 
units, an output unit 76 outputting image data after 
processing to the outside, and a data bus 78 intercon- 
necting the input unit 70, SVP 72, image memory 74, 
and output unit 76. 

[0099] Also, in order to allow the SVP 72 to operate 
as an SIMD (Single-Instruction Multiple-Data) type dig- 
ital signal processor, in this image processor there are 
provided an instruction memory 80 made up of a RAM 
holding programs used for the SVP 72, and art instruc- 
tion generating circuit (1 G) 82 obtaining instructions one 
by one from the instruction memory 80 and supplying 
micro-instructions and other control signals correspond- 
ing to the instructions to the SVP 72. 
[0100] Furthermore, a timing control unit (TCU) 84, 
which supplies the necessary timing control signals to 
the input unit 70, SVP 72, image memory 74, output unit 
76 and IG 82, is also provided in the image processor. 
[0101] The input unit 70, digital signal processor units 
72, 80. 32, image memory 74, output unit 76 and the 
TCU 84 in this image processor operate in accordance 
with the respective supplied program data, correspond- 
ing to the functional circuits FG0, PG1 , ... FGn of Figure 
1. 

[01 02] Then, a program loader 1 2 and an l 2 C interface 
circuit 42, which are used for distributing the desired pro- 
gram data from the ROM 10 via an internal bus 20 to 
the program data holding units (memory, registers, and 
such inside the units of the image processor, in other 
words, the input unit 70, SIMD type digital signal proc- 
essor units 72, 80, 82, image memory 74, output unit 
76, and 10 82, are also included. In addition, a clock 
circuit, not shown, which consists, for example, of a PILL 
circuit, and is used for supplying the necessary clock 
pulses to the units in the processor, is also included. 
[0103] The SVP 72 has a three-layer structure con- 
sisting of a data input register (DIR) 86, a processing 
element unit (processor unit) 88, and a data output reg- 
ister (DOR) 90. 

[0104] The DIR 86 operates in accordance with ad- 
dresses (ADDRESS supplied from the IG 82, the clock 
supplied from Ihe clock circuit, and the timing control 
signals supplied from the TCU 84, repeatedly executing 
input of image data D1 -DN for up to a maximum of three 
channels (for example, 48 bits) in scan line units. 
[0105] The processor unit 88 is constructed by ar- 
ranging (connecting) processing elements PE1 -PEn in 
parallel, whose number is equal to the number of pixels 
N in a horizontal scan line (for example, 364). The 
processing elements PE 1 -PEn operate in parallel in ac- 
cordance with addresses (ADDRESS) and micro-in- 
structions (MICROINSTRUCTION) from the IG 82 and 



clock pulses from the clock circuit, executing the same 
image processing calculations for each corresponding 

piece of image data D1 , D2 DN within one horizontal 

scan period. 

s [0106] The DOR 90 operates in accordance with ad- 
dresses (ADDRESS) supplied from the IG 82, clock 
pulses from the clock circuit, and control signals from 
the TCU 84, combining and outputting the data which is 
the result of the arithmetic processing by the processing 

10 elements PE1 -PEN for each single horizontal scan pe- 
riod in the form of image data DV-DN'constituting one 
horizontal scan line for up to a maximum of three chan- 
nels. 

[0107] The clocks supplied to the DIR 86, processor 

'5 unit 88 : and DOR 90 may be mutually asynchronous. 
Also, data transfer from the DIR 86 to the processor unit 
88 and data transfer from the processor unit 88 to the 
DOR 90 are carried out within respective horizontal 
blanking periods. 

20 [0108] In this manner, input of data for one horizontal 
scanning line ; its parallel arithmetic processing, and da- 
ta output are carried out by the DIR 86, processor unit 
88 and DOR 90 under the pipeline system in an asyn- 
chronous, parallet manner, carrying out real-time image 

2S processing. 

[0109] In addition, the desired program data (instruc- 
tions) are loaded into the instruction memory 80 of the 
SI MD type digital signal processor unit from the program 
loader 1 2 via an internal bus 20. 

30 [0110] The image memory 74, which has an SDRA 
(Synchronous Dynamic Random Access Memory) as a 
high-speed memory temporarily storing image data, al- 
so has a single interface unit (SDRAM interface unit) in- 
cluding a number of input/output interlaces for carrying 

35 out data write/read operations in a parallel and inde- 
pendent manner. 

[0111] The control unit of this SDRAM interface unit 
has a set value register, and exercises control over 
memory access to SDRAM, as welt as control over writ- 
40 ing/reading to/from the input buffers and output buffers 
in accordance with the timing control signals from the 
TCU 84 and program data loaded into this register from 
the program loader 1 2. 

[0112] The TCU 84 has a program memory, a sequen- 
4S tial memory, and the like, storing program data from the 
program loader 12 in these memories. Then, timing con- 
trol signals necessary for the various units of the system 
are supplied synchronously with the pixel dock, horizon- 
tal synchronizing signals, and vertical synchronizing sig- 
so nals extracted from input image signal, based on this 
stored program data. 

[0113] Because in this image processor the SIMD 
type digital image processor units (in particular, the SVP 
72) and the image memory 74, which is capable of ex- 
55 ecuting write and read operations in a parallel and inde- 
pendent fashion, are mutually interconnected via a data 
bus 78 and each unit in the processor (functional cir- 
cuits) is operated in a programmable fashion in accord- 
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ance with the program data loaded from the program 
loader 12, a small-scale circuit configuration allows for 
implementing high-level and diverse image processing. 
[0114] Although in the above-described embodiment 
a ROM was utilized as the program memory used for 
storing program data in the system of the present inven- 
tion, needless to say a RAM (random-access memory) 
can be used instead. Also, the unit data kngth, storage 
positions or storage locations ol the various data (ad- 
dress pointers, program data) and the like stored in such 
a program memory can be freely selected. Any systems 
known in the prior art can be used as methods for trans- 
ferring program data read from the program memory to 
the functional circuits. 

[0115] Because in the above-described embodiment 
program numbers directly representing the storage ad- 
dresses of the address pointers were used as program 
identification information, the corresponding address 
pointers can be readily looked up by using a simple data 
operation. However, if the program loader is furnished 
with the necessary decoding functions, it is possible to 
use appropriate codes instead of the program numbers 
(address values) as program designation information. 
Also, although in the above-described embodiment pro- 
gram designation information was supplied to the pro- 
gram loader by the microprocessor 14, it is possible to 
supply it from any circuit. 

[0116] Also, in the above-described embodiment, the 
address pointers directly represented the storage ad- 
dresses of the corresponding sets of program data, 
However, an indirect method is also possible, and, for 
example, the storage addresses of the corresponding 
sets of program data can be determined by carrying out 
certain arithmetic processing on the address pointers. 
[0117] As was described above, the method and ap- 
paratus for program data loading of the present inven- 
tion are so constructed that, along with storing a plurality 
of sets of program data separately for each set in spec- 
ified storage an in a program memory, address pointers 
indicating the storage addresses of each set of program 
data are stored at predetermined storage addresses in 
the program memory, and when program designation 
information corresponding to any single address pointer 
is given in order to designate the desired set of program 
data by the program designating means, the program 
loader, based on the program designation information, 
reads out the corresponding address pointers from the 
program memory, and the storage locations of the largel 
sets of program data are computed based on the ad- 
dress pointers. Thus, even if the data length and storage 
addresses of the program data stored in the program 
memory are changed, there is no need for software 
modification, and, moreover, the loading processing of 
program data can be carried out at high speed and ef- 
ficiently. 



REFERENCE NUMERALS AS SHOWN IN THE 
DRAWINGS 

[0118] In the figures 10a ROM (program memory), 12 
5 a program loader, 14 a microprocessor, 16 an address 
bus, 18 a data bus, 

20 an internal bus, 22 a bus signal identification line, 24 
a write control line, FC0, FC1, .... FCn, functional cir- 
cuits, 30, 32, 34, 36 registers, 36 an address changeo- 
10 ver switch, and 40 a control unit 



Claims 

15 1. A program loading method for loading the desired 
program data in one or more functional circuits car- 
rying out specified operations in accordance with 
supplied program data, 

20 ihe program loading method having a step in 

which a plurality of sets of program data are 
held by storing them separately for each set in 
specified storage areas in a program memory 
along with holding address pointers indicating 

25 the storage addresses of each set of program 

data at predetermined storage addresses in the 
above-mentioned program memory, 
a step in which program designation informa- 
tion corresponding to any single pointer among 

30 the above-mentioned address pointers is given 

in order to designate the desired set of program 
data, 

a step in which, based on the above-mentioned 
program designation data, the above-men- 
35 tioned address pointers corresponding thereto 

are read out, and the storage addresses of the 
sets of program data that the above-mentioned 
program designation information designates 
are computed in accordance with the read-out 
40 address pointers, 

and a step in which the sets of program data 
that the above-mentioned program designation 
information designates are read out from the 
above-mentioned computed storage address- 
es es and the read-out program data is transferred 
to the above-mentioned corresponding func- 
tional circuits. 

2. The program loading method according to Claim 1 
so jn which a group of program data corresponding to 

the above-mentioned functional circuits is stored at 
consecutive storage addresses in the storage areas 
in which sets of program data are stored in the 
above-mentioned program memory. 

55 

3. The program loading method according to Claim 1 
or Claim 2 in which transfer destination identifica- 
tion information used for identifying the above-men- 
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tioned functional circuits which are to serve as 
transfer destinations is contained in a specified first 
portion of each group of program data. 

4. The program loading method according to any pre- 5 
ceding claim in which transfer program length infor- 
mation used for representing the length of the pro- 
gram data to be transferred to the above-mentioned 
functional circuits which are to serve as transfer 
destinations is contained in a specified second por- 10 
tion of each group of program data. 

5. The program loading method according to any pre- 
ceding claim in which the above-mentioned pro- 
gram designation information is information repre- '5 
senting the storage addresses of the above-men- 
tioned pointer information corresponding thereto. 

6. A program loading apparatus loading the desired 
program data in one or more functional circuits car- 20 
rying out specified operations in accordance with 
supplied program data, 

the program loading apparatus having a pro- 
gram memory holding a plurality of sets of pro- 25 
gram data by storing them in specified storage 
areas along with holding address pointers indi- 
cating the storage addresses of each set of pro- 
gram data at predetermined storage address- 
es, 30 
a program designating means giving program 
designation information corresponding to any 
single pointer among the above-mentioned ad- 
dress pointers in order to designate the desired 
set of program data, 35 
a program loader which, based on the above- 
mentioned program designation information 
from the above-mentioned program designat- 
ing means, reads out the above-mentioned ad- 
dress pointers corresponding thereto and, by 40 
accessing the storage addresses of the sets of 
program data that the above-mentioned pro- 
gram designation information designates in ac- 
cordance with the read-out address pointers, 
reads out the sets of program data that the **s 
above-mentioned program designation infor- 
mation designates and transfers the read-out 
program data to the above-mentioned corre- 
sponding functional circuits. 

so 

7. The program loading apparatus according to Claim 
6 in which memory access time settings represent- 
ing the access time set for the above-mentioned 
program memory are stored in specified storage lo- 
cations in the above-mentioned program memory, 55 

with the above-mentioned program loader 
starting the readout of program data from the 



above-mentioned program memory according 
to a preset low-speed access time and carrying 
out the reading of program data from the above- 
mentioned program memory in accordance 
with the access time indicated by the above- 
mentioned memory access time settings after 
having read out the above-mentioned access 
time data. 

8. The program loading apparatus according to Claim 
6 or Claim 7 in which a group of program data cor- 
responding to the above-mentioned program loader 
is stored in the starting portions of each set of pro- 
gram data indicated by the above-mentioned point- 
ers, with the above-mentioned memory access time 
settings contained in the group of program data. 
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